Abstract. The purpose of this paper is to study ω-continuous multifunctions. Basic characterizations, preservation theorems and several properties concerning upper and lower ω-continuous multifunctions are investigated. Furthermore, some characterizations of ω-connectedness and its relations with ω-continuous multifunctions are given.
Introduction
The concepts of upper and lower continuity for multifunctions were firstly introduced by Berge [3] . After this work several authors have given the several weak and strong forms of continuity of multifunctions ( [1, 4, 5, 8, 10, 11, 16] ). On the other hand, a generalization of the notion of the classical open sets which has received much attention lately is the so-called ω-open sets. In this direction, we will introduce the concept of ω-continuous multifunctions and studied some propeties of ω-continuous multifunctions. Also we have obtained some results on ω-connectedness and its relations with ω-continuous multifunctions.
All through this paper, (X, τ) and (Y, σ) stand for topological spaces with no separation axioms assumed, unless otherwise stated. Let A ⊆ X, the closure of A and the interior of A will be denoted by Cl(A) and Int(A), respectively. Let (X, τ) be a space and let A be a subset of X. A point x ∈ X is called a condensation point of A [12] if for each U ∈ τ with x ∈ U, the set U ∩ A is uncountable. A is called ω-closed [6] if it contains all its condensation points. The complement of an ω-closed set is called ω-open. These sets are characterized as follows [6] : a subset W of a topological space (X, τ) is an ω-open set if and only if for each x ∈ W, there exists U ∈ τ such that x ∈ U and U − W is countable. The ω-closure and ω-interior, that can be defined in a manner to Cl(A) and Int(A), respectively, will be denoted by ωCl(A) and ωInt(A), respectively. Several characterizations and properties of ω-closed subsets were provided in [6, 7, 17] . We set ωO(X, x) = {U : x ∈ U and U ∈ τ ω } A multifunction F : X → Y is a point to set correspondence, and we always assume that F(x) ∅ for every point x ∈ X. For each subset A of X and each subset B of Y, let F(A) = ∪ {F(x) : x ∈ A}, F + (B) = {x ∈ X : F(x) ⊂ B} and F − (B) = {x ∈ X : F(x) ∩ B ∅}. Then F − : Y → P(X) and if y ∈ Y, then F − (y) = {x ∈ X : y ∈ F(x)} where P(X) be the collection of the subsets of X.
. F is said to be a surjection if F(X) = Y , or equivalently, if for each y ∈ Y, there exists an x ∈ X such that y ∈ F(x). A multifunction F : X → Y is called upper semi continuous [3] , abbreviated as u.s.c., (resp. lower semi continuous [3] , or l.s.c.) at 
Characterizations
(c) ω-continuous at x ∈ X if it is both u.ω-c. and l.ω-c. at
The following examples show that u.ω-c. and l.ω-c. are independent.
Example 2.2. Let X = R with the usual topology τ and let Y = {a, b, c} with the topology σ = {∅, Y, {a}}.
(2)⇔(3) These follow from equality
(5)⇒(6) Under the assumption (5), suppose (6) is not true i.e. for some
(1)⇔ (7) It is clear. 
The proof is similar to that of Theorem 2.3, and is omitted.
Theorem 2.6. The multifunction F : X → Y is l.ω-c. at x ∈ X if and only if for each y ∈ F(x) and for every net
Then φ is increasing and cofinal in I, so φ defines a subnet of (x α ) α∈I . We denote the subnet (z β ) (β,V)∈ξ . On the other hand, for any ( 
Proof. We prove only for lower ω-continuity. The other is entirely analogous.
(⇒) Let (x α ) α∈I be a net which ω-converges to x in X and let
This is a contradiction.
From the definitions, it is obvious that upper (lower) semi-continuity implies upper (lower) ω-continuity. But the converse is not true in general. Example 2.8. Let X = R with the topology τ = {∅, R, Q}. Define a multifunction F : (R, τ) → (R, τ) by 
The proofs of the following two lemmas follow from the fact that τ ⊆ τ ω and definitions. 
A multifunction F : X → Y is said to be have nonmingled point images [14] provided that for x 1 , x 2 ∈ X with x 1 x 2 , the image sets F(x 1 ) and F(x 2 ) are either disjoint or identical.
Note that for a multifunction F, F is image-nonmingled if and only if
Theorem 2.15. Let F : X → Y be image-nonmingled such that F is either image-open and l.ω-c. or F − image-ω-open. Then F is u.ω-c.
Proof. Let x ∈ X and V be an open set with F(x) ⊆ V. Firstly, suppose that F is image-open and l.ω-c. Then
On the other hand, by Lemma 2.13(2), F is l.ω-c. and proceed as above.
Theorem 2.16. Let F : X → Y be image-open, image-nonmingled and u.ω-c. Then F is l.ω-c.

Proof. Let x ∈ X and V be an open set with F(x)
For a multifunction F : X → Y, the graph multifunction G F : X → X × Y is defined as follows:
Lemma 2.17. ([10]) For a multifunction F : X → Y, the following hold:
( 
Since F is u.ω-c., there exists U 0 ∈ ωO(X, x) such that F(U 0 ) ⊆ V. By the previous lemma, we have
Theorem 2.19. A multifunction F : X → Y is l.ω-c. if and only if the graph multifunction G F is l.ω-c.
Proof The proof is obvious from the above lemma and we omit it. 
Some applications Theorem 3.1. Let F and G be u.ω-c. and image-closed multifunctions from a topological space X to a normal topological space Y. Then the set
A = {x : F(x) ∩ G(x) ∅} is closed in X. Proof. Let x ∈ X − A. Then F(x) ∩ G(x) = ∅. SincePut W = F + (U) ∩ G + (V). Then W is an ω-open set containing x and W ∩ A = ∅. Hence, A is closed in X.
Definition 3.2. ([2])
A space X is said to be ω-T 2 if for each pair of distinct points x and y in X, there exist U ∈ ωO(X, x) and V ∈ ωO(X, y) such that U ∩ V = ∅. 
is ω-closed set with respect to X.
In the above theorem, for upper ω-continuous multifunction F, if F is taken as a image-closed multifunction and Y is taken as a regular space, then we get also same result. When F(x) is Lindelöf, there exists a countable subfamily
an ω-open cover of X. By Theorem 4.1 of [6] , there exists points x 1 , x 2 , ..., x n , ... ∈ X such that X ⊆ ∪{F
When F(x) is compact, there exists a finite subfamily
x ∈ X} is an ω-open cover of X. By Theorem 4.1 of [6] , there exists points 
